To date only a small number of studies have investigated the pattern of associations within a set of hypertension risks. The objective of this study was therefore to examine the interrelation of main hypertension risks in an African population by using factor analysis in order to detect underlying risk patterns. Subjects aged 16-70 years (N ¼ 963) were recruited from 37 randomly selected sites throughout the North West Province during 1996-1998. Exclusion criteria were pregnancy, lactation, casual visitors, drunkenness and treatment for chronic diseases, such as hypertension. Subjects with blood pressures exceeding 140/90 mmHg were classified as hypertensive. Children aged 10-15 years were also recruited from 30 randomly selected schools during 2000-2001 (N ¼ 694). Children were classified as hypertensive when an average systolic or diastolic blood pressure greater than or equal to the 90th percentile for age and sex was encountered, while correcting for height. The following hypertension risks were measured: urbanisation, obesity, plasma fibrinogen, lipids, insulin, serum gamma glutamyl-transferase, dietary intake, smoking and alcohol consumption. From 23 risks the factor analysis disclosed five factors that explained 56.2% of the variance in the male and 43.5% of the variance in the female group: an urban malnutritional phenomenon, the metabolic syndrome X, a hypercholesterolaemic and obesity complex, an alcoholic hypertriglyceridaemia, and central and peripheral cardiovascular hypertensive effects. In conclusion, South Africans migrating from rural to urban areas adapt to a new lifestyle with numerous risks, resulting in conditions like malnutrition, the metabolic syndrome X, dyslipidaemia, alcoholism, obesity and increased peripheral vascular resistance. For successful prevention of hypertension in a population in transition, a whole risk pattern should be corrected, rather than an individual risk by implementing lifestyle modification programmes.
Introduction
It is known that age, 1 gender, 2 urbanisation, 3 obesity 4 and certain dietary factors 5 could strongly influence the occurrence of essential hypertension. However to date, only a small number of studies investigated the pattern of associations within a set of hypertension risks.
A similar idea came from the work of Marušič 6 and Wright et al, 7 who examined the interrelation of standard coronary heart disease risk factors. Marušič 6 obtained a four-factor solution that involved a dyslipidaemic and haemostatic complex, pure hypercholesterolaemia, metabolic syndrome X, and family and medical histories.
Since hypertension is multifactorial 8 Fas coronary heart diseaseFthe factor analysis would be an ideal instrument to identify a small number of underlying risk patterns or to see whether specific risk factors tend to form patterns. No previous attempts have been made to detect the underlying structure and patterns of hypertension risks by means of factor analysis. Since many of the risks for coronary heart disease overlap with hypertension risks, it is expected that some hypertension patterns will also overlap with the results of Marušič. 6 Since there is very little direct evidence about the determinants of common cardiovascular diseases in populations of sub-Saharan Africa according to the World Health Organisation, 1 this study was carried out on primarily Tswana-speaking black South Africans. The effects of different population groups, when compared to the results of Marušič, 6 will be evaluated.
The THUSA study (Transition and Health during Urbanisation in South Africa) was designed to assess the relations between the level of urbanisation (strata) and measures of health status, such as blood pressure in the black adult population (aged 16-70 years) of the North West Province in South Africa. 3 Some of the objectives were to assess the rate of hypertension in apparently healthy black subjects in the North West Province and to assess the relation between dietary and anthropometric risks for cardiovascular disease and blood pressure. At 2 years after finishing this project, a follow-up study in children (aged 10-15 years), namely the THUSA BANA study (Transition and Health during Urbanisation in South Africa in Children; Bana ¼ Children), was carried out in the same province. This study was designed to assess the relation between the level of urbanisation and health status of children of the North West Province.
The main aim of the present study was to examine the interrelation of the main hypertension risks: urbanisation, 3 age, 2 smoking, 9 alcohol consumption, 10 four measurements of lipid profile, 11, 12 obesity, 13 cardiovascular variables, 14 certain dietary factors, [15] [16] [17] [18] [19] [20] plasma fibrinogen 21 and fasting insulin 22 in a black South African population by combining the results of the THUSA and THUSA BANA studies.
Methods
The details of the methods used in the THUSA and THUSA BANA study are published elsewhere; 3, 23 however, the methods are summarised here in short.
Study design
THUSA subjects were recruited from 37 randomly selected sites throughout the North West Province from 1996 to 1998. Visits were made to these sites during the weeks preceding the collection of data, in order to get permission from government officials and tribal chiefs to work in the area and to notify the local community of the visit of the research team. 3 For the THUSA BANA study, 30 black schools were randomly selected from a list of schools in the five regions of the North West Province from 2000 to 2001. These schools were visited during the weeks preceding the collection of data, in order to obtain permission from the relevant school principals as well as from the parents of the children. Children within the schools were also randomly selected from class lists. Data collection took place during normal school hours. Both studies were crosssectional.
Local organisers assisted in the recruitment of subjects and had to ensure that the subjects fasted overnight (adults) prior to the day of the study.
In the THUSA study, besides two rural strata (people living in tribal areas (stratum 1) and people living on farms (stratum 2), three different strata of urbanisation were distinguished for urban subjects, namely stratum 3 for subjects living in informal settlements, stratum 4 for subjects living in established townships with full access to water and electricity, and stratum 5 for fully Westernised subjects living in Western-type houses in upperclass suburbs. 3 In the THUSA BANA study (children), three strata were identified, namely people living in rural areas (stratum 1); people living in informal settlements (stratum 2) and people living in established urban areas (stratum 3).
Subjects
During the THUSA study, all volunteers were recruited during a period of 5 days at each site. Inclusion criteria were apparently healthy men and women 15-70 years of age. Exclusion criteria were pregnancy, lactation, casual visitors, drunkenness and treatment for chronic diseases, for example, hypertension and diabetes mellitus. A total of 963 male and female subjects were used. Subjects who had systolic and/or diastolic blood pressures greater than 140 and 90 mmHg, according to the WHO cutoff points, 1 were classified as hypertensive. In the THUSA BANA study apparently healthy children between 10 and 15 years of age were recruited from each of the 30 schools. A total of 694 black male and female subjects were used. Children were classified as hypertensive when an average systolic or diastolic blood pressure greater than or equal to the 90th percentile for age and sex was encountered. 24 Height percentiles were also taken into consideration since body size is the most important determinant of blood pressure in childhood and adolescence. 24 Subjects from the above-mentioned studies were classified into three age groups to investigate the different risks of the age groups. Group A consisted of children aged 10-15 years (N ¼ 694), group B consisted of adolescents and adults aged years (N ¼ 583), and group C consisted of adults aged 41-70 years (N ¼ 380).
Both studies have been approved by the Ethics Committee of the Potchefstroom University and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki. All THUSA subjects and all parents of the THUSA BANA subjects gave informed consent.
Data collection and measurements
The subjects were all introduced to the experimental setup, after which each one was separately subjected to the following procedures.
Blood pressure
The subjects were connected to a Finapres (fingerarterial pressure) apparatus 25, 26 and blood pressure was recorded continuously. After a period of rest of at least 10 min, resting blood pressure values were obtained. Blood pressure was regarded as resting when the systolic blood pressure did not change with more than 10 mmHg during the last minute of this period, otherwise the resting period was extended. The resting blood pressure was then recorded continuously for 1 min. The data were stored on magnetic tape by means of a Kyowa RTP-50A four-channel data recorder and digitised for further analysis by means of the Fast Modelflo software program. 27 In this way, the systolic (SBP) and diastolic blood pressure (DBP), cardiac output (CO), total peripheral resistance (TPR) and arterial compliance (C) were obtained.
The vascular unloading technique of Penáz together with the physiocal criteria of Wesseling provided reliable, noninvasive and continuous estimates of blood pressure. 26 This technique is thus an alternative to the invasive intra-arterial measurements, without the risks and ethical questions inherent to invasive measurements. Since the pressure waveform is available continuously, computations provide further information on the dynamics of the cardiovascular system on a beat-tobeat basis, similar to intra-arterial measurements. 27 Anthropometric measurements Anthropometric measurements were carried out by qualified anthropometrists under the guidance of a level III anthropometrist, according to standard methods as described by Norton and Olds. 28 Maximum height was measured to the nearest 0.1 cm by means of a stadiometer with the head in the Frankfort plane. Weight was measured to the nearest 0.1 kg by means of a calibrated electronic scale (Precision Health scale), with the subject wearing minimum clothing. The waist and hip girths of the subjects were measured with a flexible Lufkin steel anthropometric tape to the nearest 0.1 cm. During these measurements, the subject had to stand erect with the feet together and without volitionally contracting the gluteal muscles.
The following equations were used to determine body mass index and waist-to-hip ratio: 28 BMI ¼ body mass (kg)/stature 2 (m); WHR ¼ waist girth (cm)/hip girth (cm).
Skinfolds were taken using a Harpenden skinfold caliper with a jaw pressure of 10 g/mm 2 and were taken to the nearest 0.2 mm by using the standard methods as described by Norton and Olds. 28 Percentage body fat was calculated according to the equation of Boileau. 29 
Dietary intake
Dietary intake data were collected face-to-face by fieldworkers trained by registered dieticians. The data collection interview method and nutrient coding were the same for all questionnaires. Food models and photo books for portion-size estimates were used.
A validated quantitative food frequency questionnaire (QFFQ) 30 was used during the THUSA study. The QFFQ is adapted specifically for the black community of the North West Province, and the repeatability and validity were satisfactory.
31
A 24-h dietary recall questionnaire was used during the THUSA BANA study. This type of dietary assessment is widely used in international epidemiological studies. [32] [33] [34] The results obtained with the above-mentioned questionnaires are basically the same. Different questionnaires were used because the subjects of the THUSA BANA study (aged 10-15 years) were too young to fully understand and answer the QFFQ meaningfully.
Macronutrients (plant protein, animal protein, saturated fat), dietary fibre, dietary micronutrients (sodium) and dietary vitamins (vitamin A, vitamin B 6 , vitamin E) were calculated in the appropriate units, using a computer program based on the South African food composition tables. 35 Plasma fibrinogen, serum lipids, serum gamma glutamyl-transferase (s-GGT) and insulin Blood samples were drawn from the vena cephalica or medial cubital vein of the THUSA subjects only. The plasma and serum were prepared according to standard methods. Biochemical analyses were performed in independent laboratories, using standardised methods. 3 
Smoking
Smoking habit was assessed by means of a questionnaire specifically developed for the THUSA study population. The main variable of the study was the presence or absence of hypertension. Subjects were classified as hypertensive according to WHO guidelines 1 (4140/90 mmHg) and guidelines of the Task Force Report on High Blood Pressure in Children and Adolescents. 24 A total of 23 exploratory variables were identified and constituted main hypertension risks:
* level of urbanisation as presented by the strata; * smoking and utilisation of alcohol: smoking habit was coded as 1 or 0 and alcohol consumption was presented by s-GGT values; * total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL) and triglyceride as four measurements of lipid profile; * obesity: presented by BMI and percentage body fat (%BF), and central obesity presented by WHR; * cardiovascular parameters: CO, TPR, C, and pulse pressure (PP) were calculated; * dietary intake: intake of saturated fat, plant protein, animal protein, fibre, sodium, iron, vitamin A, vitamin B 6 and vitamin E; * plasma fibrinogen; * fasting insulin values.
Statistical analysis
The software computer package STATISTICA 36 was used. Owing to skewed distributions, all dietary variables, insulin and fibrinogen values were logarithmically transformed. Independent t-tests were performed on all parameters to determine whether significant differences existed between the normotensive and hypertensive subjects. Obtained data were subjected to factor analyses. The main applications of factor analytic techniques are to reduce the number of variables and to detect structure in the relations between variables. Therefore, factor analysis is applied as a data reduction or structure detection method. 36 Factor analysis could thus be successfully used to identify a small number of underlying hypertension risk patterns, which explain most of the variance observed in a much larger number of risks. 37 The number of factors to be extracted is determined by using Kaiser's criterion, which chooses only factors explaining more than the average variance of factors (which is always one). Only factors that have variances explained (also called eigenvalues) larger than one are extracted. The varimax raw rotation method was chosen.
Results Figure 1 indicates the rate of hypertension in both sexes of the three age groups. It is evident that the females showed an overall higher hypertension rate than the males. In the youngest group A, the females showed a significantly higher rate of 21.4% than the 12.5% of the male group, and also a significantly higher rate than the females of group B. The oldest group C showed significantly higher rates of hypertension than the younger group B.
In Table 1 , the following basic characteristics of the different age groups are indicated: number of subjects (N), age, BMI, SBP and DBP. The significant differences (Pp0.05) between the normotensive and hypertensive groups are also indicated.
Significant differences (Pp0.05) between other variables are indicated in Table 2 . Again, significant differences were indicated for most cardiovascular parameters in all three groups, as suspected. A higher percentage body fat, higher levels of urbanisation (strata), serum cholesterol, triglycerides, fibrinogen, dietary saturated fat and animal protein were detected in the hypertensive groups, while the hypertensives also had significantly lower levels of dietary plant protein and vitamin E intake.
With the factor analysis (see Tables 3-5) , it was possible to investigate the number of various subgroups or factors and to identify what these subgroups represent conceptually.
The factor analysis of the two oldest male groups B and C provided eight factors with eigenvalues greater than 1.00 (4.31, 2.83, 2.44, 3.01, 2.04, 1.63, 1.41, 1.27), but the first factor was a simple combination of all dietary factors. The remaining seven factors explained 56.2% of total variance of hypertension risk. Table 3 displays the structure matrix of the seven-factor solution.
The factor analysis of the two oldest female groups B and C also provided eight factors with eigenvalues greater than 1.00 (4.89, 2.43, 2.08, 2.61, 1.55, 1.84. 1.42, 1.49). The first and third factors were left out. The first was again a simple combination of all dietary factors and the third a combination of all cardiovascular parameters. The remaining seven factors explained 43.5% of total variance of hypertension risk. Table 4 displays the structure matrix of the six-factor solution.
Quite similar results were found when factor analysis was applied to groups B and C separately. Those results are not tabulated but will be incorporated into the discussion.
Those cardiovascular risks obtained through a blood sample analysis could not be performed in the THUSA BANA study, because rural black children were not so willing to donate a blood sample. Therefore, factor analysis for this age group was performed separately. Table 5 displays the structure matrix for both males and females of the youngest group A. The two factors for the male group explained 22.0% of total variance (eigenvalues: 3.06, 1.11) and the three factors of the female group explained 36.4% of total variance of hypertension risk (eigenvalues: 3.71, 1.61, 1.61).
Factor analysis extracted seven factors or patterns, each consisting of a cluster of risks for hypertension as seen for the groups in Tables 3 and 4 . Five patterns are extracted from these results.
The first factor (factor 1) is characterised by high intakes of saturated fat, animal protein, sodium, vitamin A and B 6 , and a high level of urbanisation. These variables correlated negatively with age and central obesity. This factor is also characterised by a low intake of plant protein and a high insulin level in female subjects. In the female subjects of group B (aged 16-40 years), low intakes of plant protein, fibre, iron and vitamin E, as well as high values for insulin and urbanisation level were clustered together. In the females of the youngest group A (Table 5) , factor 3 also indicates a combination of BMI, %BF, urbanisation level and vitamin E intake. This factor forms the first pattern, named urban malnutritional phenomenon.
Since some of the variables of the second and fifth factors overlap and both are characterised by approximately the same risks, they are combined to form the metabolic syndrome X. These elements include an increased BMI and WHR ratio (central obesity), hypertension, insulin resistance, a high triglyceride value (indicated for male subjects of group C) and a low HDLC value. Except for these major features of the metabolic syndrome X, the following syndrome X associated factors are also positively indicated: 38, 39 smoking, hyperfibrinogenaemia and age.
The third factor is hypercholesterolaemic and obesity complex associated with increased ageing (total serum cholesterol, LDLC, triglycerides, BMI, central obesity and age).
The fourth factor is named alcoholic hypertriglyceridaemia (serum gamma glutamyl-transferase and triglycerides) associated with old age, smoking habit and central obesity.
The sixth and seventh factors of Tables 3 and 4 are combined and named central and peripheral hypertensive effects. This pattern is also evident in factors 1 and 2 of the young subjects indicated in Table 5 .
Discussion
The genesis of hypertension is complex and cannot readily be simplified. In any given patient one factor may be more important than others, but often hypertension is multifactorial. 8 The exploratory factor analysis was performed to see whether the given risks tend to form patterns in the different groups. This study was based on the work of Marušič, 6 who examined the interrelation of coronary heart disease risks. All of these factors are, however, not confirmed by the present study. In this study of African subjects, factor analysis extracted five basic patterns or factors of risks for hypertension as seen for the groups in Tables 3-5 .
The first pattern was named urban malnutritional phenomenon as it was characterised by high dietary intakes of nutrients such as saturated fat, animal protein and sodium known to increase blood pressure 15, 17, 18 (Tables 3 and 4) . High sodium intake has been shown to activate many pressor mechanisms, including an increase in intracellular calcium, a rise in plasma catecholamines, a worsening of insulin resistance, and a paradoxical rise in atrial natriuretic peptide. 18 Black hypertensive subjects have been specifically shown to be sodium sensitive and are also more likely to have several abnormalities that increase their risk of cardiovascular and renal consequences of hypertension. 18 Although plant proteins have been shown to have a hypocholesterolaemic effect, the subject is still a matter of debate. 40 No blood pressure fall was reported in trials with specific nutrient change from animal to vegetable protein at a fixed level of total protein. 41, 42 In the present study, however, plant protein was distinguished from other nutrients in not contributing to the effects of the others on urbanisation. In the young female group B, plant protein was associated with fibre, iron and vitamin E while correlating negatively with urbanisation. It seems as if plant protein plays a protective role in the urbanisation process and lowers blood pressure. 43 It has also been suggested that a high saturated fat intake could induce insulin resistance independently of obesity. 44 A high intake of saturated fat in these urbanised communities might contribute to the development of insulin resistance.
Several elements constituting the metabolic syndrome X 39 Fa severely atherogenic stateFwere investigated in this series, including hypertension, insulin resistance, dyslipidaemia (hypertriglyceridaemia and decreased HDL cholesterol) and central obesity type, characterised by localisation of fat on the upper body. Other associated risks, namely smoking habit, hyperfibrinogenaemia and age, also became evident. All these were included in the second pattern, which should be, without any reservations, named the metabolic syndrome X. 38, 39, 45 A more complete pattern of this syndrome was found in the present study when compared to the results of Marušič, 6 who found hypertension, dyslipidaemia, central obesity and glucose metabolism disorders to form the pattern metabolic syndrome X. The present study in black subjects also identified smoking habit, hyperfibrinogenaemia and age, together with the suspected insulin resistance.
The third pattern, hypercholesterolaemic and obesity complex, which was associated with increased ageing, was almost a simple combination of total cholesterol and LDL, the latter being the major carrier of cholesterol to the cells of the peripheral Factor analysis of hypertension risk AE Schutte et al tissues. Not surprisingly, the association between LDL and total cholesterol was very strong. They also correlated with triglyceride, which forms a core of LDL with cholesterol. 6 Aside from the lipids correlating with one another, strong associations were also found with obesity and ageing. This is in concordance with a study in children which suggests that hypercholesterolaemic children have greater body fat, the expression of the hypercholesterolaemia precedes the expression of increased body fat, and body fat increases with age. 46 Alcoholic hypertriglyceridaemia, the fourth factor, was not a surprising pattern, but its positive association with age, smoking habit and central obesity in females (Table 4 ) are a clustering of risks associated with an increase in plasma plasminogen activator inhibitor-1 (PAI-1), 47 thus linked to the risk of ischaemic heart disease. According to Lakshman et al, 48 chronic moderate alcohol consumption correlated with a favourable plasma lipid and lipoprotein profile in normal, but not in obese, men. However, obesity, as indicated in the results of the present study, is associated with an adverse plasma lipid and lipoprotein profile, and race, alcohol intake and obesity may be important modifiers of coronary artery disease in hypertensives. 48 The last pattern encountered, namely central and peripheral hypertensive effects, is a replica of the results observed in black South Africans of different age groups in a study of Van Rooyen et al. 49 They indicated that urbanised males older than 45 years had an increased total peripheral resistance (peripheral effect) when compared to a rural group younger than 25 years with an increased cardiac output (central effect). Therefore, urbanisation caused the change from a central to peripheral effect.
The results of De Champlain et al 50 in a study of hypertensive patients also support the present results. Hypertensive subjects showed a smaller increase in cardiac output and a greater increase in peripheral resistance when compared to normotensive subjects. In the present study, the youngest group A (Table 5) showed a strong positive association between urbanisation and cardiac output, together with arterial compliance, while correlating negatively with total peripheral resistance. However, in the adult groups (Tables 3 and 4) , it was evident that the incidence of hypertension and total peripheral resistance correlated positively, while hypertension correlated negatively with cardiac output and arterial compliance. There was a shift from a centrally acting mechanism (high CO), probably of b-adrenergic origin, in the 10-15 year olds to a more peripheral mechanism (high TPR), presumably a-adrenergic in origin, in the subjects 40 years and older.
This condition may be triggered initially by sympathoadrenal hyperactivity, which would result in attenuation of beta-adrenergic receptors, while alpha-adrenergic functions are potentiated in cardiovascular tissues of hypertensive patients. 51 Structural changes and adaptation in the intima of the blood vessels could also contribute to the higher total peripheral resistance in the older subjects. Factors associated with ageing, such as smoking, alcohol consumption, low physical fitness and obesity, are causes of elevated haemostatic factors like fibrinogen and plasma plasminogen activator inhibitor-1. Factor analysis of hypertension risk AE Schutte et al
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Conclusions
Hypertension is a major disease in the black populations of sub-Saharan Africa. 52 It has been suggested that racial differences in renal physiology and socio-economic status seem to account for blood pressure differences between racial groups. 52 Hypertension is a complex combination of genetic and environmental influences, and requires exploration of all risks simultaneously to detect underlying structure and pattern. Obviously, all five extracted biological risk patterns fit well into recent medical theories about risk of developing hypertension. Few studies have, however, proposed specific underlying structures that indicate the risks of hypertension in relation to one another and possibilities of interactions between different risk patterns. It is when studying a combination of risks that specific observations, such as the protective effect of plant protein intake on the consequences of the urbanisation process, like high blood pressure and insulin resistance (Table 4) , could be seen clearly.
Results of the THUSA and THUSA BANA studies in South Africa sketch a picture of a mainly Setswana-speaking black population migrating from traditional rural to urban areas while adapting a new lifestyle to which their ancestors were not accustomed to. This new lifestyle includes numerous risks such as malnutrition because of unavailability of healthy food sources, abundant availability of tobacco and alcohol as well as social and psychological stresses like no running water and electricity in informal settlements and extremely high crime rates. For a successful therapeutic intervention study, it is necessary to focus on and change a whole pattern, rather than individual risk correction to improve the prevention of hypertension. The latter should be coupled with educational programmes, lifestyle modification and some psychological treatment to increase probabilities of smoking cessation and weight reduction, which would in turn have a positive impact on at least two broader risk patterns presented in this study.
